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A magnitude 9.0 earthquake, the strongest ever recorded in Japan and the fourth largest on world record
since 1900, occurred in the Paciﬁc Ocean near the Tohoku region at 14:46 JST (GMTþ9) on 11 March
2011. The earthquake and subsequent tsunami caused massive destruction along the Tohoku-Kanto
Paciﬁc coast. The catastrophe was named the Great East Japan Earthquake and also refers to the accident
at the Fukushima Daiichi Nuclear Power Plant. This paper presents actions taken by the Japan Aerospace
Exploration Agency (JAXA), in collaboration with domestic and overseas institutions that assessed local
post‐earthquake conditions using earth observation satellites. This paper draws on lessons learnt from
emergency operations during the disaster by examining JAXA's activities.
& 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
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Space technology is a new tool in the ﬁeld of disaster management
in Japan. The Japan Aerospace Exploration Agency (JAXA) began sup-
porting disaster management efforts by establishing the Disaster
Management Support Systems Ofﬁce in the Satellite Applications andFig. 1. JAXA's approach to disaster management support. ASI (2009–present) and DLR (2010–2014) cooperated individually with JAXA via bilateral collaboration following
the Great East Japan Earthquake; collaboration with CSA (2012–present) began after the disaster.
2 Based on the United States Geological Survey (USGS) newsroom: http://www.
usgs.gov/newsroom/article.asp?ID¼2727 [accessed 3 October 2014].
3 Report on the 2011 Great East Japan Earthquake (No. 149) [in Japanese] by
Fire and Disaster Management Agency of the Ministry of Internal Affairs and
Communications. Dated 7 March 2014: http://www.fdma.go.jp/bn/higaihou/pdf/
jishin/149.pdf [accessed 3 October 2014].Promotion Center in May 2006 using the Advanced Land Observing
Satellite (ALOS), launched in January 2006. ALOS has three remote
sensors: the Panchromatic Remote-sensing Instrument for Stereo
Mapping (PRISM), the Advanced Visible and Near Infrared Radiometer
Type 2 (AVNIR-2), and the Phased Array Type L-band Synthetic
Aperture Radar (PALSAR). PRISM is comprised of three optical systems
that obtain three-dimensional data of the earth's surface; it has 2.5 m
of spatial resolution at the nadir and a 70 km (the nadir only)/35 km
(triplet mode) swath width. AVNIR-2 is a visible and near infrared
radiometer for obtaining data on land use and vegetation; it has 10 m
of spatial resolution at the nadir and a 70 km swath width at the nadir.
PALSAR is the improved Synthetic Aperture Radar (SAR) and is ideally
suited to detect changes in topography and geology from signals re-
ﬂected on the earth's surface.
Satellite observation covers wide-ranging areas, occurs con-
tinuously, during all hours and in all kinds of weather (evenwhen it is
cloudy). SAR sensors can conduct surveillance at night or in cloud-
covered zones. These characteristics of earth observation satellites are
best suited for disaster response. As illustrated in Figs. 1 and 2, within
Japan, JAXA strives to highlight the role of earth observation satellites
in disaster management in conjunction with related institutions suchas national government ministries, agencies, and local governments. In
this paper, users with a direct relationship to JAXA are called ‘colla-
borative users’, and users who have no such relationship and were
interviewed in the opinion survey (refer to Section 4.2) are called
‘general users’. The term ‘users’ by itself covers a general term in-
cluding collaborative and general users.The purpose of this study is to scrutinise JAXA's activities and how
users employed satellite data to respond to the 2011 Great East Japan
Earthquake, and to draw on lessons learnt for the future.2. Outline of the Great East Japan Earthquake
A magnitude 9.0 earthquake, the strongest ever recorded in
Japan and the fourth largest on world record since 1900,2 occurred
in the Paciﬁc Ocean near the Tohoku region at 14:46 JST (GMTþ9)
on 11 March 2011.3 The epicentre was off the Tohoku coast (38.1°N,
142.9°E), and the hypocentre was 24 km below the earth's
surface.3 The earthquake was considered to have a long-angle
reverse fault mechanism, with a pressure axis extending from
west–northwest to east–southeast, and occurred between the
Fig. 2. JAXA's approach to disaster management support in Japan in cooperation with collaborative users. This ﬁgure shows the framework of organisations and their
functions at the time of the Great East Japan Earthquake. Collaborative users mean users with a direct relationship to JAXA. At the operational level, JAXA interacts directly
with each institution.
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massive tsunami struck coastal areas from Tohoku to Kanto; for
example, an 11.8 m high wave4 caused widespread destruction to
the coastal district of Ofunato in Iwate Prefecture. The earthquake
and subsequent tsunami caused tremendous devastation along the
Tohoku-Kanto Paciﬁc coast (see Fig. 3). The disaster was named
the Great East Japan Earthquake and also includes the accident at
the Fukushima Daiichi Nuclear Power Plant. A total of 18,958
people were killed, 2655 went missing, and 6219 were injured.
Many houses were washed away or ﬂooded, and there was
widespread damage to roads in affected areas.3 Furthermore,
127,291 houses were completely ruined and 272,810 were partially
destroyed.3
The areas hit by the disaster are known to be vulnerable to
tsunamis, which have affected them repeatedly in the past. Large
offshore earthquakes occurred in the same subduction zone in
1611, 1896, and 1933. Each of the earthquakes caused a devastating
tsunami on the coast. Experts predicted with 99% probability that
large inter-plate earthquakes of a magnitude from 7.5 to 8.0 would
happen in this region within 30 years (The Headquarters for
Earthquake Research Promotion). The 11 March earthquake was
much bigger than predicted at 9.0, and the rupture zone was
500 km long and 200 km wide. Some experts say this kind of
earthquake and the subsequent tsunami have a return period of
1000 years.54 Based on data from the Japan Meteorological Agency.
5 This paragraph is based on information from a report by the Asian Disaster
Reduction Center (ADRC): http://www.adrc.asia/documents/disaster_info/Great_
East_Tokyo_Earthquake_ver.2.pdf [accessed 3 October 2014].3. JAXA's response to the Great East Japan Earthquake
In addition to its domestic activities, JAXA plays a particular
international role as the secretariat of the Sentinel Asia (SA) in-
itiative [1–6], and is a member of the International Charter on
Space and Major Disasters [7,8] (for short, the International
Charter), which provides satellite data to users in the event of
mass catastrophes. The SA initiative is a voluntary, grass-roots
collaboration based on best efforts between regional space agen-
cies and disaster management institutions for regional humani-
tarian purposes. SA applies remote sensing and Web-GIS tech-
nologies to assist disaster management efforts in the Asia-Paciﬁc.
The International Charter is a global partnership among space
agencies to make satellite data available for disaster management
authorities during the response phase of an emergency.
In the case of the Great East Japan Earthquake, JAXA did all it
could using not only ALOS, but also Sentinel Asia and the Inter-
national Charter as reported in [9,10], and outlined below.
3.1. JAXA's actions
No sooner had the disaster occurred than JAXA planned
emergency observations using ALOS. On behalf of the Cabinet
Ofﬁce, JAXA simultaneously asked Sentinel Asia and the Interna-
tional Charter to carry out emergency observations, whose details
are shown in Tables 1 and 2. Although monitoring was not pos-
sible on the day of the disaster, the Tohoku inland area and the
Sendai district were surveyed using AVNIR-2 and PRISM the day
after the earthquake. On 13 March, PALSAR observed Sendai and
other areas along the coast of Miyagi and Fukushima prefectures,
and AVNIR-2 surveyed wider areas along the Paciﬁc coast from
Iwate to Ibaraki on 14 March (see Fig. 3). ALOS continued to op-
erate until 20 April, and a total of 643 scenes were obtained. ALOS
Fig. 3. Areas damaged by the tsunami along the Tohoku-Kanto Paciﬁc coast. An ALOS image recorded on 14 March is overlaid on a map. Affected areas were located along
and within the satellite's track, which made it easy and effective to plan surveillance. White rectangle refers to the enlarged area in Fig. 6.
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power system, and JAXA stopped using ALOS on 12 May. ALOS
made its ﬁnal observation related to the disaster on 20 April.
As soon as JAXA received data from ALOS and other satellites
provided by Sentinel Asia, the International Charter, and others,
JAXA conducted an image analysis using those data, and produced
over 1700 results as shown in Table 3 (including a difference in
media and forms in Table 3). As shown in Table 4, these were
distributed to collaborative users (see Section 1 and Fig. 2). Stan-
dard processed data from ALOS were also supplied to collaborative
users for analysis purposes, and were employed by various
organisations.
3.2. Response by Sentinel Asia
On 11 March, JAXA asked Sentinel Asia for its data from the
Tohoku coast to supplement information gathered on the areas
surveyed by ALOS, because ALOS/PRISM and AVNIR-2 were
scheduled to examine inland Tohoku the day after the earthquake
(on 12 March), and the tsunami was thought to have affected a
wide area.
In response, Taiwan's National Space Organization (NSPO) of
the National Applied Research Laboratories (NARLabs) used FOR-
MOSAT-2, and Thailand's Geo-Informatics and Space Technology
Development Agency (GISTDA) used THEOS, to survey the coast on
12 March. NARLabs quickly analysed the data and provided it toJAXA that same day; the analysis results showed areas clearly
impacted by the tsunami (see Fig. 4). Activities were continued on
13 March. The Indian Space Research Organisation (ISRO) also
observed the Sendai area using CARTOSAT-2 on 14 March, in ad-
dition to FORMOSAT-2. FORMOSAT-2 is unique because it follows
the same orbit every day, and continued to monitor affected zones
every day until 24 March as shown in Table 2.
3.3. Response by the International Charter and others
In response to the request for the International Charter to
conduct emergency observations, earth observation satellites
managed by space-related institutions worldwide recorded more
than 5000 images, which were provided to Japan. Table 1 shows a
list of satellites and contributing institutions that surveyed the
disaster areas, such as members of the International Charter and
others. The images of the impacted zones provided by the Inter-
national Charter were processed and analysed by JAXA, the Asian
Institute of Technology (AIT), and other organisations throughout
the world. These agencies were approved by the International
Charter and include the United Nations Institute for Training and
Research (UNITAR), UNITAR's Operational Satellite Application
Programme (UNOSAT), Clark Labs at Clark University, Earthquake
Data Enhanced Cyber-Infrastructure for Disaster Evaluation and
Response (E-DECIDER), the Rochester Institute of Technology (RIT),
United States Geological Survey (USGS), George Mason University,
Table 1
List of satellites that supported relief efforts after the Great East Japan Earthquake.
Country/region Satellite Organisation Feature
Japan
Japan ALOS Japan Aerospace Exploration Agency (JAXA) High-resolution and wide-ranging optics
L-band SAR
International Charter
USA LANDSAT-5, -7 United States Geological Survey (USGS) Very wide-ranging optics
EO-1 USGS High-resolution optics
IKONOS USGS Very high-resolution optics
GeoEye USGS Very high-resolution optics
QuickBird-2 USGS Very high-resolution optics
WorldView-1, 2 USGS Very high-resolution optics
India Cartosat-2 Indian Space Research Organisation (ISRO) Very high-resolution optics
EU ENVISAT European Space Agency (ESA) C-band SAR
Canada RADARSAT-1, 2 Canadian Space Agency (CSA) C-band SAR
South Korea KOMPSAT-2 Korea Aerospace Research Institute (KARI) Very high-resolution optics
China HJ China National Space Administration (CNSA) Very wide-ranging optics
Germany TerraSAR-X German Aerospace Center (DLR) X-band SAR
RapidEye DLR High-resolution and wide-ranging optics
France SPOT-4, 5 Centre National d’Etudes Spatiales (CNES) High-resolution and wide-ranging optics
FORMOSAT-2 CNES High-resolution optics
Sentinel Asia
India Cartosat-2 ISRO Very high-resolution optics
Thailand THEOS Geo-Informatics and Space Technology Development Agency (GISTDA) High-resolution optics
Taiwan FORMOSAT-2 National Space Organization (NSPO) High-resolution optics
Others
Italy COSMO-SkyMed Agenzia Spaziale Italiana (ASI) X-band SAR via collaboration between JAXA and ASI
Spain DEMIOS-1 DEMINOS Imaging Very wide-ranging optics
Russia Resurs-DK The Russian Federal Space Agency (ROSCOSMOS) Very high-resolution optics
UAE DubaiSat Emirates Institution for Advanced Science and Technology (EIAST) High-resolution optics
Note: ‘Very high-resolution’ means spatial resolution of less than or equal to 1 m, and ‘high-resolution’ means more than 1 m and less than or equal to 10 m. ‘Very wide
range’means a swath width of more than 100 km, and ‘wide range’ signiﬁes more than 50 km and less than or equal to 100 km. In the classiﬁcation above, the best values for
resolution and related swath width for each satellite are based on information found on the Internet.
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University, the Center for Satellite Based Crisis Information (ZKI) at
the German Aerospace Center (DLR), and the Regional Service of
Image Treatment and Remote Sensing (SERTIT). These organisa-
tions produced over 90 useful data sets and related results, which
were made available to the public on the International Charter
website.64. Methodology
The following approaches were adopted to examine how JAXA
responded to the Great East Japan Earthquake.
4.1. Activity analysis
Collaborative users (see Section 1 and Fig. 2) required that
disaster-related data and information from earth observation sa-
tellite data be provided as much and as quickly as possible for
JAXA's efforts to assist in response. JAXA's activities were studied
from the following perspectives:(1)6
guesThe quantity of satellite data;
(2) The contents of satellite data and how collaborative users
employed it; and
(3) The timing of providing satellite data.The International Charter website: https://www.disasterscharter.org/web/
t/-/earthquake-in-japan [accessed 3 October 2014].4.2. Opinion survey
In addition to collaborative users, this is also necessary to dis-
seminate space-based, disaster-related data to users and increase
their usage of it. JAXA conducted an opinion survey for users, who
are called general users as deﬁned in see Section 1, between Au-
gust 2011 and March 2012, asking them about responses to the
earthquake in order to clarify how satellite images were used in
disaster countermeasures, and to identify factors that prevented
such data from being used, which will enhance how satellite in-
formation is employed in the future [11]. In total, 29 institutions
(such as municipalities in damaged areas, universities, research
organisations, ﬁsheries, agricultural cooperatives, private cor-
porations, and NPOs) were interviewed to shed light on the pur-
poses of satellite information, appropriate timing for providing it,
the effects of using it, and related concerns.5. Results and discussion
The following results and discussion are based on the metho-
dology in Section 4.
5.1. Examining JAXA's activities
JAXA's activities were explored from three perspectives in
Section 4.1.
5.1.1. The quantity of satellite data
After the Great East Japan Earthquake, JAXA examined local
conditions using ALOS and enlisted the help of international or-
ganisations involved in disaster monitoring, such as the
Table 2
Observations conducted by ALOS, the International Charter, Sentinel Asia, and others (12–24 March 2011).
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efforts by national and local government bodies to collect in-
formation and support relief efforts. Top priority was given to
immediately surveying affected areas using ALOS, and 643 satellite
images were obtained. JAXA processed and analysed these images
and others supplied through international cooperation, as listed in
Table 3, for the beneﬁt of collaborative users (see Section 1 and
Fig. 2).In return for ALOS's active contribution to international relief
operations in previous calamities elsewhere, 14 countries and re-
gions conducted intensive surveillance using 27 satellites in a
framework of global cooperation, including initiatives such as the
International Charter and Sentinel Asia. As a result, they helped
increase the frequency of observation and approximately 5700
satellite images were provided. Institutions and researchers
around the world analysed the images in various ways, and the
Table 3
Major analysis products provided by JAXA.
Category Details Satellite data used Media/forms
ALOS pre-disaster maps –ALOS image maps compiled from ALOS archived data, and with
geographical information superimposed on images acquired by ALOS,
with several reduced-scale images of various sizes.
–ALOS (archives) –GeoPDF
–GeoTIFF
–JPEG (low resolution)
Map products –Geographical information, with several reduced-scale images of
various sizes, superimposed on:
–ALOS (emergency observation) –JPEG (high resolution)
(1) Images acquired by ALOS and overseas satellite, and
–Provided by the International Charter
and Sentinel Asia –PDF
(2) Images obtained by the analysis results below. –Distribution via the web
–Shape ﬁle
–Power Point
–Large printed paper
–Excel (numerical data)
Damaged area analysis –Monitoring damaged areas with satellite images by: –ALOS (emergency observation)
(1) Identifying changes between pre- and post-disaster images, –ALOS (archives)
(2) Using stereoscopic images from disaster-affected areas, and –Provided by the International Charter
and Sentinel Asia(3) Interferograms generated from ALOS/PALSAR data using differ-
ential SAR interferometry (DInSAR) techniques.
Analysis of ﬂooded
areas
–Time series analysis of areas ﬂooded by the tsunami, and a calcula-
tion of the overall ﬂooded area.
–ALOS (emergency observation)
–ALOS (archives)
–Provided by the International Charter
Monitoring of nuclear
power plant
–Images of facilities and buildings at the Fukushima Daiichi Nuclear
Power Plant; superimposing images from the plant and evacuation
zones, which show a range of scales.
–ALOS (emergency observation)
–ALOS (archives)
–Provided by the International Charter
–Comparing images before and after the earthquake showing the
plant's facilities and buildings.
–Comparing images before and after the earthquake showing other
nuclear power plants, e.g. the Onagawa facility.
Speciﬁc event analysis –Identifying changes in marine debris/ﬂotsam and related analysis. –ALOS (emergency observation)
–Analysis of ﬁres (in mountainous areas and petrochemical
complexes).
–ALOS (archives)
–Analysis of sediment damage.
–Provided by the International Charter
and Sentinel Asia
–Analysis of liquefaction.
Others –Non-geographical information obtained by the analysis results above,
such as tables and graphs.
–ALOS (emergency observation)
–Provided by the International Charter
and Sentinel Asia
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Charter,6 Sentinel Asia, Geo-Supersite,7 and other agencies.
By teaming up with international partners, ALOS and overseas
satellites supplied more than 6000 images for assessment after the
earthquake. JAXA conducted an image analysis using those data,
and created over 1700 analysis results as shown in Table 3. How-
ever, JAXA had manpower-related limitations in processing, ana-
lysing, and distributing such a vast number of images. In order to
circulate a wider range of information in a more timely fashion in
the future, a framework involving JAXA and external institutions is
needed for processing, analysing, and supplying images.
5.1.2. The contents of satellite data as employed by collaborative
users
JAXA's actions, which demonstrate the feasibility of ALOS ap-
plications to disaster management, focus on providing information
to collaborative users. The images helped them to plan disaster
countermeasures and determine the extent of the destruction over
wide-ranging areas that could not be viewed from the ground or
by aircraft. Approximately 80 analysed images were distributed to
various organisations after the Great East Japan Earthquake. Cen-
tral government ministries, agencies, and local governments ac-
cessed the Daichi (ALOS) Bosai website up to 1500 times.
It should be noted that international teamwork allowed sup-
port for various kinds of earth observation satellites with respect
to high-resolution and wide-ranging surveillance (see Table 1). In
addition, through the International Charter, commercial satellites
with very high-resolution optical sensors were used to evaluate
the conditions of collapsed buildings, determine the scope of7 The Geohazard Supersites and Natural Laboratories: http://supersites.earth
observations.org/sendai.php [accessed 3 October 2014].damage to roads and railways, and carefully monitor the situation
at the nuclear power plant. In response to the nuclear power plant
accident triggered by the tsunami, satellite observation enabled
continual, unmanned surveillance of areas affected by high ra-
diation levels. In addition to optical sensors, radar sensors, such as
ALOS/PALSAR, TerraSAR-X, RADARSAT, and Cosmo-SkyMed, were
used to survey areas ﬂooded by the tsunami, measure crustal de-
formation associated with the earthquake using differential Syn-
thetic Aperture Radar interferometry (DInSAR) techniques, and
detect marine debris.
JAXA's work yielded concrete results as summarised in Table 4,
helped gather information that met the requirements of colla-
borative users, and identiﬁed new needs such as pinpointing
ﬂooded areas and marine debris left by the tsunami.
5.1.3. The timing of providing satellite data
Given the difﬁculty of understanding the degree of devastation
on the ground immediately after disasters, satellite images col-
lected from large-scale surveillance were used to clarify the si-
tuation. It is necessary to obtain an overall picture of the affected
area by earth observation satellites as quickly as possible. In an
actual operation, total turnaround time – including observation
planning, commanding a satellite, satellite surveillance, transmit-
ting data to earth, then processing and analysing that data on the
ground – should be shortened whenever possible.
In the case of the Great East Japan Earthquake, JAXA's initial ac-
tions happened as follows (a detailed timeline is shown in Table 5):(1) On 11 March immediately after the catastrophe, JAXA planned
emergency observations using ALOS and asked the same of
Sentinel Asia, the International Charter, the Agenzia Spaziale
Italiana (ASI), and the German Aerospace Center (DLR); the ASI
and DLR teamed up individually with JAXA in a bilateral
Table 4
Data needed by collaborative users and how they employed it.
Data users Data needed by collaborative users and how they employed it
Cabinet Secretariat (in charge of security and risk
management)
–Pre- and post-disaster ALOS images of the Japan Air Self-Defense Force's Matsushima Airbase and Sendai Airport
were supplied to assess the conditions of potential bases for transporting patients and goods.
–Very high-resolution satellite map products were provided by the International Charter to assess the status of
buildings at the Fukushima Daiichi Nuclear Power Plant, and to monitor the expanded outdoor and indoor
evacuation zones around the plant.
–The results of satellite data analysis for areas ﬂooded by the tsunami were supplied to identify places where
evacuees would be allowed to return home for a limited period of time.
–To meet a variety of needs, especially for the Prime Minister's Ofﬁcial Residence, map products were produced
according to the scale of the area of interest (for example, from individual buildings to whole regions) and
compared with relatively recent pre-disaster images. They were also frequently used in combination with aerial
photos, which were provided later.
Cabinet Ofﬁce (disaster management) –Immediately after the earthquake, JAXA provided the Cabinet Ofﬁce with pre-disaster maps compiled from ALOS
archived data (see Table 5). These maps were distributed via the Cabinet Ofﬁce to the disaster countermeasures
ofﬁces in individual prefectures.
–ALOS emergency observation data and pre-disaster archived data were continuously provided. These data were
employed by the Crisis Management Center of the Prime Minister's Ofﬁce and others.
–The results of a data analysis for the affected region were made available to the public in response to a request
for information on ﬂooded areas ranging from Hokkaido to Chiba for assessing the extent of damage from the
tsunami.
–Map products from the International Charter were also supplied as needed.
National Police Agency –The National Police Agency downloaded ALOS emergency observation images from ‘Daichi Bosai Website’, and a
range of related products was produced. These were printed in large format and sent to disaster countermeasures
ofﬁces in impacted prefectures.
MLITa –Immediately after the earthquake, JAXA provided MLIT with pre-disaster maps compiled from ALOS archived
data (see Table 5).
–In response to a request for information on ﬂooding in tsunami-hit areas to help clarify the growing damage,
data on ﬂooded areas was provided from 21 March through 22 April as determined by data interpretation and
calculation using the outputs of PALSAR and AVNIR-2. These results were used to verify other information.
–Information extracted from ALOS images showing the Sanriku coast in Iwate was provided in response to a
request for satellite data to help determine the scope of the devastation, and to detect wildﬁres in Paciﬁc coastal
areas of eastern Japan.
–Information extracted from satellite images from the International Charter showing places where liquefaction
occurred in Chiba was provided.
NILIMb –In response to a request from NILIM, JAXA performed an emergency observation using ALOS. The images were
given to NILIM; then, specialists interpreted them and carried out automatic landslide identiﬁcation. As a result,
approximately 200 actual and potential landslides were pinpointed. It was also conﬁrmed that no major rivers
were blocked by landslides, and no intensive landslides occurred.
–Images captured by ALOS proved very effective since it was impossible to survey every hazard based only on
visual surveillance from helicopters, and, in addition, only satellite-based observation could be conducted in the
no-ﬂy zone (within 30 km of the nuclear power plant).
MAFFc –MAFF asked JAXA to provide ALOS data for prompt assessment of damage to farmland in tsunami-hit areas. In
response, JAXA analysed tsunami-related ﬂooding using PALSAR and other satellite data, then provided the re-
sults to the ministry. These data were used to clarify the circumstances of farmland, and were considered along
with information provided later to devise restoration methods.
–ALOS images were further used to evaluate devastation and conditions at Ogaki irrigation dam, which could not
be surveyed directly because it was located within 20 km of the Fukushima Daiichi Nuclear Power Plant.
Fisheries Agency –ALOS images of Yamada Bay in Iwate and coastal areas of Kesennuma City in Miyagi were provided to the
Fisheries Agency's Fish Ranching and Aquaculture Division, which used the images to assess damage to aqua-
culture rafts.
Japan Coast Guard –The Japan Coast Guard's Navigation Guidance Ofﬁce requested information covering a wide area to track marine
debris off the coast of Miyagi. ALOS data collected on 18 April were analysed and provided, although further
scheduled distribution of data was cancelled due to the suspension of ALOS's operations.
Ministry of the Environment –In response to a request for satellite data analysis from the Ministry of the Environment to investigate ﬂoating
debris along the Sanriku coast, changes between pre- and post-disaster observation data were identiﬁed. Con-
sequently, the presence of ﬂoating debris was determined over an area of approximately 560,000 m2 in the
Rikuzentakata region. This result was largely consistent with that of a study by the Ministry of the Environment,
and provided useful information to determine the amount of ﬂoating debris that washed up on inaccessible
beaches, and along coasts and beaches where evaluation was difﬁcult.
MEXTd –In line with a request from MEXT's Nuclear Damage Compensation Ofﬁce, ALOS images on merged nuclear
evacuation zones for the Fukushima Daiichi Nuclear Power Plant were created, printed on a large scale, and
provided to the ofﬁce.
NIEDe –In response to a request from NIED's Disaster Risk Research Unit, ALOS images covering the Tohoku region and
Niigata and Nagano prefectures were supplied. Based on WMS (ISO 19128-an international standard for geos-
patial information distribution), NIED distributed these images via the ‘ALL311 Great East Japan Earthquake In-
formation Platform’ website for use at volunteer centres and other facilities in the affected areas; the images also
supported disaster response and recovery efforts in impacted areas.
GSIf and Earthquake Working Group –SAR interferometry was performed using data acquired by ALOS/PALSAR before and after the disaster, and the
results were released. The data identiﬁed crustal deformation of up to 4 m near the Oshika Peninsula. Local
crustal deformation from inland earthquakes triggered by the main shock of 11 March was also seen in several
locations.
Iwate University –In cooperation with Professor Yokoyama at Iwate University, the university analysed ALOS data provided by
JAXA. Map products were produced and printed in long format. Professor Yokoyama visited local organisations in
Iwate and other prefectures to distribute the map products, which local organisations involved in disaster re-
sponse used in various ways.
Wakayama Prefecture –Before prefectural government employees were dispatched to Iwate Prefecture, it was necessary to ensure their
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Table 4 (continued )
Data users Data needed by collaborative users and how they employed it
safety and assess local circumstances. In response to a request from Wakayama Prefecture on 14 March, JAXA
conducted emergency observations and supplied ALOS map products, as well as ALOS pre-disaster maps. A
number of large prints of these products were created by Wakayama Prefecture in advance and brought to Iwate
Prefecture along with a CD-R when the prefectural government employees were dispatched at the end of April.
These resources were used to check routes to the affected areas and shed light on the circumstances there.
Wakayama Prefecture also provided the CD-R to the Tohoku Regional Bureau of MLIT.
a MLIT: Ministry of Land, Infrastructure, Transport and Tourism.
b NILIM: National Institute for Land and Infrastructure Management.
c MAFF: Ministry of Agriculture, Forestry and Fisheries.
d MEXT: Ministry of Education, Culture, Sports, Science and Technology.
e NIED: National Research Institute for Earth Science and Disaster Prevention.
f GSI: Geospatial Information Authority of Japan.
Fig. 4. A FORMOSAT-2 image observed on 12 March. A close-up of the white square
area shows Watari (refer to Fig. 3) and surrounding areas.
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ble 3) to the Cabinet Ofﬁce and the Ministry of Land, Infra-
structure, Transport and Tourism (MLIT). The maps were
printed in a wide format and hand-delivered by JAXA staff
since transportation services in the Tokyo metropolitan area
were suspended.(2) On 12 March, JAXA supplied the Cabinet Ofﬁce with mapproducts of a damaged area analysis (see Table 3) covering the
Tohoku inland area and the Sendai district using ALOS/AVNIR-
2, PRISM, and some coastal areas surveyed by FORMOSAT-2.
That same day, NARLabs quickly examined the data and pro-
vided JAXA with their analysis results, which showed areas
clearly impacted by the tsunami (for example, see Fig. 4).(3) On 13 March, JAXA provided the Cabinet Ofﬁce with about 10
map products of a damaged area analysis covering some
coastal areas observed by SPOT-5, RapidEye, TerraSAR-X, and
WorldView. JAXA downloaded these map products, analysed
by the International Charter, from the International Charter's
website6 (for example, see Fig. 5).(4) On 14 March, JAXA supplied the Cabinet Ofﬁce with map
products of a damaged area analysis by ALOS/AVNIR-2 (sur-
veyed on 14 March) covering an extensive zone along the
Paciﬁc coast from Iwate to Ibaraki (for example, see Figs. 3 and
6) and TerraSAR-X (surveyed on 13 March), along with map
products from the International Charter using WorldView and
SPOT-5. JAXA also supplied MLIT with map products of a da-
maged area analysis by ALOS/PALSAR and TerraSAR-X (both
recorded on 13 March).By 14 March, cloud-free images from ALOS and other satellites
were obtained for nearly all coastal areas, which comprised the
ﬁrst post-disaster data. These images allowed for local conditions
to be directly and uniformly assessed across a broad region, and
were the most frequently used geospatial results during the early
response stages. Despite vast devastation, the following circum-
stances helped lead to a successful rapid response:(1) Many satellites from JAXA, the International Charter, Sentinel
Asia, and others participated in the observation (see
Tables 1 and 2);(2) Affected areas were located along and within the path of the
satellite (for example, refer to Fig. 3); and(3) Good weather allowed for clear observation of impacted areas.5.2. Examining how general users employed satellite data
Based on the opinion survey for general users (see Section 1),
whose results are summarised in Table 6a and 6b, the following
analysis can be made.
5.2.1. Purposes of data use
Thirteen (out of 28) organisations used the ALOS images to
assess the overall extent of the destruction (9 institutions), areas
ﬂooded by the tsunami (8 institutions), landslides (5 institutions),
damage to facilities (4 institutions), availability of roads (2
Table 5
Timeline of initial response by JAXA.
Date Time (JST: GMTþ9) Event
11 March 2011 (Friday) 14:46 Earthquake occurred.
JAXA started planning ALOS observations immediately.
15:24 JAXA requested that Sentinel Asia carry out emergency observations.
15:35 JAXA requested that the International Charter carry out emergency observations on behalf of the Cabinet Ofﬁce.
16:04 The International Charter agreed and began emergency observations.
16:28 Sentinel Asia agreed and began emergency observations.
17:00 JAXA requested that ASI conduct emergency observations within a framework of bilateral cooperation with JAXA. ASI
agreed immediately.
17:26 JAXA requested that DLR carry out emergency observations within a framework of bilateral cooperation with JAXA. DLR
agreed immediately.
23:00 JAXA provided the Cabinet Ofﬁce and MLIT with 57 ALOS pre-disaster maps compiled from ALOS archived data.
12 March (Saturday) 6:00 JAXA provided the Cabinet Ofﬁce and MLIT with 19 additional ALOS pre-disaster maps compiled from ALOS archived
data.
9:00-11:00 Surveillance by FORMOSAT-2, ALOS, SPOT-5, RapidEye, IKONOS, Worldview, THEOS, and others. (For details, see Table 2)
19:00 JAXA provided the Cabinet Ofﬁce with map products of damaged area analysis by ALOS/AVNIR-2 (surveyed on 12 March),
FORMOSAT-2 (surveyed on 12 March), and MODIS (surveyed on 12 March).
13 March (Sunday) 5:30-5:45 Observation by RADARSAT and TerraSAR-X
9:00-11:00 Observation by FORMOSAT-2, KOMPSAT-2, ALOS/PALSAR, and others. (For details, see Table 2)
22:11 Observation by ALOS/PALSAR
23:00 JAXA provided the Cabinet Ofﬁce with about 10 map products of damaged area analysis from the International Charter
covering some coastal areas surveyed by SPOT-5, RapidEye, TerraSAR-X, and WorldView.
14 March (Monday) 10:00-11:00 Observation by SPOT-5, FORMOSAT-2, RapidEye, ALOS/AVNIR-2 and PALSAR, and others. (For details, see Table 2)
17:00 JAXA provided the Cabinet Secretariat with ALOS pre-disaster maps of areas around the Fukushima Daiichi Nuclear
Power Plant.
22:00 JAXA provided the Cabinet Ofﬁce with map products of damaged area analysis by ALOS/AVNIR-2 (surveyed on 14 March)
covering an extensive zones along the Paciﬁc coast from Iwate to Ibaraki (see Fig. 3), and TerraSAR-X (surveyed on 13
March), in addition to map products of damaged area analysis from the International Charter using WorldView and SPOT-
5. JAXA also provided MLIT with map products of damaged area analysis by ALOS/PALSAR and TerraSAR-X (both surveyed
on 13 March).
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satellite images and aerial photos were used to evaluate areas
ﬂooded by the tsunami (19 institutions), the overall extent of the
destruction (18 institutions), damage to facilities (11 institutions),
availability of roads (10 institutions), landslides (8 institutions),
and places of refuge (5 institutions).
5.2.2. Requests from general users
With respect to the spatial resolution of satellite images (see
(a) in Table 6b), general users, interviewed in the opinion survey,
requested higher resolution images so they could identify roads
and individual houses or buildings (see P2, L5, L6, L7, L9, and L10 in
Table 6b). General users also proposed proper use of satellite
images and aerial photos, and a comparison with Google Earth (P2
and R4).
General users asked for images related to the timing of ob-
servation and data provision (see (b) in Table 6b) in order to: Grasp the overall scope of devastation as soon as possible fol-
lowing a calamity; for example, one hour afterward (see L9 and
L10 in Table 6b); Monitor oil spills once an hour (P2);
 Survey ground deformation continuously and in real-time (L5);
 Detect landslides within two to three days after an earthquake
(L11 and L12);
 Estimate the quantity of debris one week after a catastrophe
(L9 and L10);
 Assess availability of roads by detecting ﬂooded areas at least
once a day (L7); and
 Obtain multi-temporal satellite images for ﬁnding people
missing at sea (G3).
With respect to the contents of satellite images (see (c) in the inTable 6b), general users asked for Satellite images overlaid on maps to search for and rescue
missing persons (see L7 in Table 6b), Satellite images with ﬂooded areas marked by colours, and
original images (L7), Satellite images to show areas ﬂooded by the tsunami and the
situation of houses and buildings (L11 and L12), and Value-added results (analysed by specialists) for evaluating the
overall scenario and detecting debris, landslides, and collapsed
houses and buildings (P2, L9, L10, and O4). Information from images on places where ‘no damage’ has
occurred is also valuable to assess availability of roads (L7).
With respect to data format (see (d) in Table 6b), general users
requested orthographic satellite images in a style adapted to
geographic information system (GIS) (see L8–L12 in Table 6b).
Regarding framework and operations (see (e) in Table 6b),
general users asked for Freely and quickly provided satellite images in the event of a
disaster (G1 and many others in Table 6b), A framework for supplying satellite images in an emergency
(G1 and many others), A plan to provide data directly to affected cities, towns, and
villages (L9 and L10), A framework for government and prefectures to distribute the
results of satellite image analysis to each city (L11 and L12), and Information to be provided about the distribution process for
images before a disaster strikes (L8–L12).
Fig. 5. AWorldView-2 image recorded on 12 March, covering the Oshika Peninsula in Miyagi Prefecture. A close-up of the white square area shows local conditions around
Onagawa (refer to Fig. 3). Copyright: DigitalGlobe, DLR – Map produced by ZKI.
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Fig. 6. ALOS/AVNIR-2 images from Sendai Airport (in the north) to Soma (in the
south). The image on the right was recorded after the tsunami on 14 March 2011,
which corresponds to the white rectangular area in Fig. 3. The image on the left was
recorded before the tsunami on 27 February 2011.
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Thirteen (out of 28) institutions employed ALOS images; most
of them (12 out of 13) used images provided by Iwate University.
In cooperation with the Laboratory of Remote Sensing Data Ana-
lysis at Iwate University, the university examined ALOS data sup-
plied by JAXA; map products of damaged area analysis (see Ta-
ble 3) were produced and printed in long-range format. The uni-
versity staff visited local organisations in Iwate and other pre-
fectures to distribute the printed map products. Eight (out of 28)
institutions were not aware of the ALOS images or how to obtain
them. A total of 17 institutions used satellite images other than
those of ALOS, and 26 used aerial photos. Aerial photos released by
Geospatial Information Authority of Japan (GSI) and Google Earth
were used extensively; 13 agencies used GSI, Google Earth, or
both.
5.2.4. Issues and discussion
Based on the results of the opinion survey, the following issues
were identiﬁed:
5.2.4.1. Awareness and methods of distributing satellite data to mu-
nicipalities. JAXA has been collaborating with collaborative users
such as national government ministries, agencies, and local gov-
ernments (see Section 1 and Fig. 2). In most cities, towns, and
villages affected areas where JAXA conducted interviews, those
surveyed said they were not aware of ALOS images and JAXA's
activities (see those columns in Table 6a: ‘Use of Image’ and
‘Purpose of Use’ for ‘ALOS Images’). Information was not im-
mediately available after the earthquake; if ALOS images had been
provided, they would have been used to assess the circumstances.This claim is supported by the fact right after the disaster, the
municipal volunteer centre in Miyagi prefecture effectively em-
ployed ALOS images distributed by the National Research Institute
for Earth Science and Disaster Prevention (NIED) via the e-com-
munity platform Web Map Service (WMS); NIED conﬁrmed this in
their interview. Thus, it is important that satellite images become
available just after a catastrophe strikes (and that municipalities
are aware of them even in regular times), and that methods of
distribution are ensured in an emergency.
As shown in Fig. 2, JAXA is currently working with national
government ministries, agencies, and local governments. JAXA is
going to work with municipalities by collaborating with local
governments, and also with universities at the regional level to
promote awareness of using satellite data for disaster manage-
ment. For example, Iwate University is a regional base in the To-
hoku region; when the Great East Japan Earthquake struck, ALOS
images were used through its network, as shown in Section 5.2.3
and Table 6a.
5.2.4.2. Availability monitoring and overall monitoring. Data users
are deeply concerned about conﬁrming the availability of roads
and key facilities immediately after a mass calamity to ensure
routes for evacuation, rescue, and support (availability monitoring;
see the ﬁrst paragraph of Section 5.2.2), in addition to grasping the
overall extent of the damage (overall monitoring). For overall
monitoring, wide-ranging optical images (for example, see
Figs. 4 and 6) are used. For availability monitoring, very high-re-
solution optical images (for example, see Figs. 5 and 8) are ne-
cessary. Speciﬁcally, resolution of less than 1 m is required; in the
case of ALOS, this is not sufﬁcient (refer to Section 1 about the
spatial resolution of ALOS). In the case of the Great East Japan
Earthquake, satellites with very high-resolution from the Inter-
national Charter were used for availability monitoring.
Numerous interviewees said they would ﬁnd many kinds of
information useful to assess damage after a mass disaster, and
would appreciate when satellite images and aerial photos are
supplied quickly at no cost. Aerial photos provide very high-re-
solution images of small areas and are complementary to satellite
images.6. Lessons learnt and discussion for the future
Based on the aforementioned analysis and discussion in Section 5,
the following lessons were learnt.
6.1. The effectiveness of a space-based response
As discussed in Section 5.1, when considering the quantity,
contents, and use of satellite data by collaborative users (see
Section 1 and Fig. 2), in addition to the timing of distribution, it is
clear that a space-based response (which was used in the Great
East Japan Earthquake) effectively contributes to response efforts
during far-reaching catastrophes. It should be emphasised that
JAXA did not accomplish this space-based response alone, but
rather through partnerships with international agencies and col-
laborative users.
6.2. The importance of international cooperation
As discussed in Section 5.1, in a framework of international
cooperation including the International Charter and Sentinel Asia,
14 countries and regions carried out intensive observation using
27 satellites. They helped increase the frequency of observation
and approximately 5700 satellite images were provided. Global
partnerships allowed for the support of various kinds of earth
Table 6a
Summary of the opinion survey results.
Group category Group name
(anonymous)
Use of image Purpose of use
to assess: (1) the overall extent of the destruction, (2) damage to facilities, (3) availability of roads, (4) places of refuge, (5)
areas ﬂooded by the tsunami, (6) landslides, and (7) other phenomenaALOS images Other satellite
images
Aerial photos
ALOS images Other satellite images/aerial photos
National
Institutions
G1 Yes Yes Yes (5) and (6) (1), (2), (5), (6) and
–Provided by
Iwate
Universitya
–Google Earth –Provided by
GSIb
(7): To assess damage to cropland and agricultural facilities
–Google Earth
G2 Yes Yes Yes (1) (1) and (5)
–Provided by
Iwate University
–Google Earth –Provided by
GSI
–Google Earth
G3 No Yes No Why were ALOS images not used? (1), (2), (5), and
(7): Searching for people missing at sea and removing ﬂoating
debris
–Google
Earth
–A system for using satellite images was not set up
Prefectural
Institutions
P1 (Iwate Pref.) Yes Yes Yes (1), (2), (3), (5), and (6) (1), (2), (3), (4), and (5)
–Provided by
Iwate University
–Google Earth –Provided by
GSI
–Google Earth
P2 (Chiba Pref.) No No Yes Why were ALOS images not used? (5) and
–They took pho-
tos by
themselves.
(7): To evaluate damage resulting from liquefaction–They were not aware of JAXA's activities
Institutions in Ci-
ties, Towns, and
Villages
L1 (Iwate Pref.) Yes Yes Yes (1), (2), (4), and (5) (1), (2), (3), (4), (5), and (6)
–Provided by
Iwate
University
L2 (Iwate Pref.) No Yes Yes Why were ALOS images not used? (1), (2), (3), (4), (5), and (6)
–Provided by
GSI
–They did not know how to obtain them from JAXA.
L3 (Iwate Pref.) No Yes Yes Why were ALOS images not used? (1), (2), (3), (4), (5), and (6)
–Provided by
JSDFc
–They did not know how to obtain them from JAXA.
L4 (Aomori
Pref.)
Yes No Yes They used ALOS pre-disaster maps for (1), (2), (4), and (5), but
did not know how to obtain them from JAXA after the disaster.
(1), (2), (3), (4), (5), and (6)
–Provided by
MSDFd
L5 (Miyagi
Pref.)
No Yes Yes — (1), (3), (5), and
–Provided by
NIEDe
(7): Disaster record for prevention and raising awareness for
future generations of residents
L6 (Miyagi
Pref.)
No No Yes Why were ALOS images not used? (3), (5), and
(7): To conﬁrm ownership of land–Photographing
by themselves
–They needed high-solution images to identify each house.
L7 (Miyagi
Pref.)
No No Yes Why were ALOS images not used? (1), (2), and (5)
–Provided by
JSDF
–They were not aware of ALOS images.
L8 (Miyagi
Pref.)
No No Yes Why were ALOS images not used? (1), (2), and (5)
–Provided by
other institutes
–They did not know about JAXA's activities.
L9 and L10
(Fukushima
Pref.)
No No Yes Why were ALOS images not used? (1) and (5)
–Provided by GSI –They needed high-solution images.
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L11 and L12
(Fukushima
Pref.)
No Yes Yes Why were ALOS images not used? (1), (2), (3), and (5)
–They did not know about ALOS images.–Provided by
other
institutes
–Provided by
GSI
–Google Earth
Various Groups O1 Yes Yes Yes (1), (2), (3), and (5) —
–Provided by
Iwate
University
O2 Yes No No — —
–Provided by
Iwate
University
O3 Yes No Yes (1) —
–Provided by
Iwate
University
O4 No No Yes Why were ALOS images not used? (1) and
(7): Used in a formal presentation to explain the situation
after the disaster to people and institutions in foreign
countries
–Google Earth –Special training is required to use them..
Research Institutes R1 Yes Yes Yes (6) (6)
–Provided by
Iwate University
–Google Earth –Provided by
GSI
–Google Earth
R2 Yes Yes Yes (7): To conﬁrm active faults and observe coastal areas in Fu-
kushima Prefecture
(7): To study active faults
–Provided by
Iwate University
–Google Earth –Provided by
GSI
–Google Earth
R3 No Yes Yes — (7): To assess damage to coastal forests
–Google Earth –Provided by
GSI
–Google Earth
R4 — — — — —
Private Enterprises C1 Yes Yes Yes (1), (5), and —
(7): To assess damage to coastal forests–Provided by
Iwate University
C2 No Yes Yes Why were ALOS images not used? —
–They are not used systematically.
Others N1 Yes No Yes (1), (5), and (6) (1), (5), and (6)
–Provided by
Iwate University
–Provided by
GSI
N2 Yes Yes Yes (1), (5), and (6) (1), (3), (5), and (6)
–Provided by
Iwate University
Counting 28f 13 17 26 (1): 9 institutions (69 %) (1): 18 institutions (67 %)
(2): 4 institutions (31%) (2): 11 institutions (41%)
(3): 2 institutes (15%) (3): 10 institutes (37%)
(4): 2 institutes (15%) (4): 5 institutes (19%)
(5): 8 institutes (62%) (5): 19 institutes (70%)
(6): 5 institutes (38%) (6): 8 institutes (30%)
(7): 2 institutes (15%) (7): 8 institutes (30%)
a In cooperation with the Laboratory of Remote Sensing Data Analysis at Iwate University, the university analysed ALOS data provided by JAXA; map products of damaged area analysis were created and printed in a long-range
format. The University staff visited local organisations in Iwate and other prefectures to distribute them.
b GSI: Geospatial Information Authority of Japan.
c JSDF: Japan Self-Defense Forces.
d MSDF: Maritime Self-Defense Force.
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e NIED: National Research Institute for Earth Science and Disaster Prevention.
f R4 is excluded, which is only for the user request survey.
Table 6b
Summary of the opinion survey results.
Group Group name
(anonymous)
User requests/comments
Category (a)-(e) show the following categories: (a) Spatial resolution, (b) Timing of observation and data provision, (c) Contents of satellite images, (d) Data format, and
(e) Framework and operation
National Institutions G1 (e) A plan to provide satellite images in an emergency would be appreciated.
(e) Satellite images provided quickly and at no cost would be appreciated.
G2 —
G3 (b) Multi-temporal satellite images after a disaster are necessary to search for people missing at sea.
(e) A framework for using satellite images needs to be set up.
Prefectural Institutions P1 (Iwate Pref.) (e) A framework for supplying satellite images in an emergency would be appreciated.
(e) Satellite images provided quickly and at no cost would be appreciated.
P2 (Chiba Pref.) (a) In the case of liquefaction, resolution to identify cars is requested.
(a) Monitoring ground deformation with an accuracy of several mm is requested.
(a) Proper use of satellite images and aerial photos is necessary.
(a) Comparison with Google is necessary, and services equal to or higher than the quality of Google are requested.
(b) Observation once an hour is requested for monitoring oil spills.
(c) It will be effective to evaluate ﬂooded areas by measuring soil moisture after the water level goes down.
(c) Analysed results of satellite images are requested to assess damaged areas.
(e) Satellite images supplied free of charge are appreciated.
Institutions in Cities, Towns,
and Villages
L1 (Iwate Pref.) —
L2 (Iwate Pref.) (e) A framework for providing satellite images in an emergency would be appreciated.
(e) Satellite images provided quickly and free of charge would be appreciated.
L3 (Iwate Pref.) (e) A plan to provide satellite images in an emergency would be appreciated.
(e) Satellite images provided quickly and free of charge would be appreciated.
L4 (Aomori Pref.) (e) A plan to provide satellite images in an emergency would be appreciated.
(e) Satellite images provided quickly and free of charge would be appreciated.
L5 (Miyagi Pref.) (a) It is important to assess the availability of roads and sea routes, and to assess ﬂoating debris.
(b) Real-time and continual observation of ground deformation is requested.
L6 (Miyagi Pref.) (a) Images with resolution to identify each house are requested for authorisation to publish certiﬁcates of damage.
L7 (Miyagi Pref.) (a) Satellite images with enough resolution to identify individual houses are needed both before and after disasters.
(a, b, c) To assess the availability of roads, satellite images to show ﬂooded areas are requested at least once a day, and information from satellite images on areas where
‘no damage’ has occurred is also valuable.
(b) Desire for satellite images to be supplied in a timely manner when a tsunami is expected.
(c) Satellite images overlaid on maps are useful to search for and rescue missing persons.
(c) Satellite images showing ﬂooded areas marked by colour are helpful, as well as original images.
(e) Satellite images might be used for future city planning.
L8 (Miyagi Pref.) (d) Orthographic satellite images are requested.
(e) If information about how images will be provided is known beforehand, it will be possible to more effectively draw up an action plan.
L9 and L10
(Fukushima Pref.)
(a) A greater desire for higher-resolution satellite images than the aerial photographs that were used.
(b) In terms of evaluating the overall scope of the damage, satellite images are requested as soon as possible after a disaster (e.g. one hour after a disaster).
(b, c) It would be helpful if the quantity of debris could be estimated one week after a disaster using satellite images.
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(c) Satellite images with a clear colour will be useful for detecting roofs in ﬂooded areas.
(c, e) The need for a framework to archive value-added products analysed by specialists via satellite data, so that local governments in impacted areas can use the
products at no cost.
(d) Orthographic satellite images with world ﬁles are requested for Geographic Information Systems (GIS).
(e) If people know before a disaster strikes when and where they can obtain information, they can use it to create a local disaster prevention plan.
(e) In the event of a catastrophe, it is necessary to have a framework for providing data directly to affected cities, towns, and villages.
L11 and L12 (Fukush-
ima Pref.)
(b) The need to disseminate information before a disaster to relevant organisations so they can prepare for response efforts.
(b, c) It would be helpful if satellite images could detect landslides within two to three days after an earthquake.
(c) It will be helpful if satellite images could assess areas ﬂooded by the tsunami, in addition to the situations of houses and buildings.
(c) In order to determine whether buildings have collapsed, it would be helpful to have satellite images that observe an area from directly above and from the sides
(preferably in 3D).
(d) Satellite images in a format adapted to GIS are requested.
(d) Satellite images printed in a wide-ranging format are also requested.
(e) A framework for the government and prefectures to distribute the results of satellite image analysis to each city would be appreciated.
(e) If people know before a disaster strikes when and where they can obtain information, they can use it to create a local disaster prevention plan.
Various Groups O1 (e) A plan to provide satellite images in an emergency would be appreciated.
O2 —
O3 —
O4 (c) Administrative entities working on disaster response efforts need satellite images and the results of their analysis, with commentary by specialists, to obtain an
overall picture of the devastation.
(e) During an emergency, satellite images should be provided free of charge.
Research Institutes R1 —
R2 —
R3 (e) Satellite images provided quickly and free of charge would be appreciated.
R4 (a) Concerning high-resolution images, Google Earth can not be surpassed in quality (including in terms of how data is provided).
(a) The proper use of satellite images and aerial photos should be studied.
(c) The scale of ALOS maps and pre-disaster maps (compiled from ALOS archived data) seems too small for disaster response efforts.
(e) Local institutes and universities should analyse and explain satellite images to institutions in disaster-affected areas.
(e) JAXA's activities are not well known, and JAXA lacks advertising.
(e) JAXA should make its data free of charge to researchers.
Private Enterprises C1 —
C2 —
Others N1 —
N2 —
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8 Spatial resolution and swath width shown here are based on the information
found on the Internet.
9 Based on information from the MEXT website (in Japanese): http://www.
mext.go.jp/b_menu/shingi/gijyutu/gijyutu2/059/shiryo/__icsFiles/aﬁeldﬁle/2014/
10/01/1351678_4.pdf [accessed 3 October 2014].
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ranging surveillance (see Table 1). In particular, through the
International Charter, commercial satellites with very high-resolution
were used to assess the conditions of collapsed buildings, determine
the scope of damage to roads and railways, and carefully monitor the
situation at the nuclear power plant.
It has been shown that worldwide collaboration is very useful
and important for dealing with disaster response. Some interna-
tional space-based initiatives are contributing to the ﬁeld of dis-
aster response, such as Sentinel Asia, the International Charter, the
Committee on Earth Observation Satellites (CEOS), Copernicus of
the European Space Agency (ESA), and the Global Earth Observa-
tion System of Systems (GEOSS). It will be critical to promote fu-
ture cooperation among these initiatives and establish a me-
chanism for working together in each country when calamities
strike.
6.3. The necessity of promoting awareness and support efforts to
users
In the case of the Great East Japan Earthquake, collaborative
users (such as national government ministries, agencies, and local
governments with which JAXA built relationships prior to the
earthquake) employed satellite data. The opinion survey shows
that thirteen (out of 28) general users (see Section 1) employed
ALOS images; most of them (12 out of 13) used images provided by
Iwate University which was a regional base in Tohoku region in
collaboration with JAXA (see Section 5.2.3). In ﬁne, it has been
shown that ALOS images were employed by users with a direct
relationship to JAXA (namely, collaborative users) or an indirect
relationship to JAXA (namely, via Iwate University). In order to
have satellite images employed in disaster countermeasures by
users, JAXA needs continuously promoting awareness of satellite
data and support efforts to users in both ordinary times and an
emergency.
6.4. Promoting awareness to municipal institutions and establishing
a framework
As shown in Section 5.2.4.1, the opinion survey shows that
municipal institutions used aerial photos more frequently than
satellite images; at the time, most of themwere not aware of ALOS,
ALOS images, and JAXA's activities. In ordinary times, it is vital to
promote awareness among users, such as municipal institutions, of
using satellite data for disaster management.
The opinion survey also shows that numerous general users
request to establish a framework to supply satellite images free of
charge and quickly in an emergency (see the last paragraph of
Section 5.2.2). To that end, in collaboration with JAXA, it will be
effective to establish local bases to help impacted local govern-
ments and municipal institutions; one example is Iwate University
in the case of the Great East Japan Earthquake. With respect to free
of charge satellite images, all the earth observation data by sa-
tellites are greatly desired to be provided at no cost for disaster
management, and not only in disaster response phase but also in
mitigation and preparedness phase and recovery phase from the
higher standpoint. With respect to quick provision, refer to Section
6.7.
6.5. Wide-ranging observation and high-resolution observation
Right after an extensive catastrophe, users mostly request sa-
tellite observation to assess the general situation in damaged areas
(see Section 5.1.3). Wide-ranging surveillance (for example, by
ALOS) is most suitable (see Figs. 4 and 6). Fig. 7 categorises optical
earth observation satellites with respect to spatial resolution andswath width. As shown in the ﬁrst paragraph of Section 5.2.2 and
Section 5.2.4.2, however, the opinion survey shows that users also
request satellite observation to evaluate roads, buildings, and
other circumstances in greater detail. Very high-resolution ob-
servation is necessary for this purpose (see Figs. 5 and 8).
In the case of the Great East Japan Earthquake, various kinds of
satellites with optical sensors were used in terms of spatial re-
solution and swath width, as shown in Table 1. For example, for
wide-ranging and high-resolution observations,8 the following
were used: ALOS/AVNIR-2 (10 m of spatial resolution at the nadir,
70 km swath width at the nadir)/PRISM (2.5 m of spatial resolu-
tion, 70 km or 35 km swath width), FORMOSAT-2 (2 m or 8 m of
spatial resolution at the nadir, 24 km swath width). Within the
framework of the International Charter, for example, the following
were used for very high-resolution observations8: GeoEye-1
(0.41 m or 1.64 m of spatial resolution at the nadir, 15.2 km swath
width), WorldView-2 (0.46 m or 1.84 m of spatial resolution at the
nadir, 16.4 km of swath width at the nadir), QuickBird-2 (0.61 m or
2.44 m of spatial resolution at the nadir, 16.8 km swath width).
Governmental organisations in Japan that deal with disaster
management made the following requests to the Space Activities
Commission (SAC) on 17 August 2011:(1) Observation with a width of 30–50 km to collect images across
the entire disaster zone, in order to monitor ﬂooded areas;(2) Spatial resolution of 1 m to identify passable routes;
(3) Spatial resolution of less than 1 m to survey damage to em-
bankments, bridges, and houses; and
(4) Wide-ranging observation with a width of 40–70 km to track
crustal movement (such as earthquakes, volcanic activity,
subsidence, and landslides) using DInSAR techniques.In Japan, the Advanced Land Observing Satellite-2 (ALOS-2)
with the Phased Array Type L-band Synthetic Aperture Radar 2
(PALSAR-2) was launched in May 2014. Around 2019–2020, JAXA
and the Ministry of Education, Culture, Sports, Science and Tech-
nology (MEXT) are planning to launch a highly advanced earth
observation satellite9 (with an optical sensor that has 0.8–1.0 m of
spatial resolution and 50–70 km swath width). This satellite be-
longs to the very high-resolution and wide-ranging group in Fig. 7,
which is the most suitable for disaster monitoring.
6.6. Framework for analysing satellite images
As shown in Section 5.1.1, in the case of the Great East Japan
Earthquake, JAXA had manpower-related limitations in processing,
analysing, and circulating such a vast number of images. To dis-
tribute a wider range of information in a more timely fashion in
the future, a framework involving JAXA and external institutions is
needed for processing, analysing, and supplying images. JAXA has
been organising a group of Japanese universities to study satellite
images in preparation for future disasters. When a calamity
strikes, students at each university are expected to contribute to
satellite data analysis. In return, JAXA provides themwith satellites
images of past catastrophes for their education, training, and re-
search in regular times. In addition, semi-automatic or automatic
analysis of satellite data should be explored to save manpower and
processing time.
In order to extract disaster-related information, it is important to
have value-added products, which involve overlaying satellite images
Fig. 7. A proposed classiﬁcation system of optical earth observation satellites with respect to spatial resolution and swath width. Refer to the note in Table 1 about
deﬁnitions of very high-resolution and other features. The ‘n’ mark shows a highly advanced earth observation satellite under planning (see Section 6.5).
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risk maps. Thus, GIS data should be produced during the preparedness
phase and cooperation with the GIS community should be promoted.
6.7. Rapid response
In the case of the Great East Japan Earthquake as shown in
Section 5.1.3, a successful rapid response occurred despite vast
devastation; good weather and conveniently located damaged
areas also helped. However, space agencies have been requested
that continual efforts be made to shorten the response time as
much as possible.
In general, when a catastrophe strikes, disaster management
institutions make requests to space agencies to get information as
quickly as possible. The opinion survey shows that numerous
general users request to provide satellite images free of charge and
quickly in an emergency (see the last paragraph of Section 5.2.2). A
rapid response entails shortening the total turnaround time (refer
to Section 5.1.3) whenever possible. The following can hasten the
observation process:(1) As many satellites as possible should participate in surveillance;
(2) In addition to optical sensors, radar sensors capable of oper-
ating at night or in cloudy weather should be used; and
(3) The frequency of observation via satellite constellations should
be improved. For example, the ‘RapidEye’ constellation, con-
sisting of ﬁve satellites in orbit, can provide information within
several hours [1].The opinion survey shows requests concerning the timing of
observation and providing data, including one hour after a disaster
to assess the extent of the destruction, within two to three days to
detect landslides, and one week later to estimate the quantity ofdebris. ALOS-2 passes over Japan at approximately 12:00 a.m. and
12:00 p.m. (with a margin of about one hour before and after the
top of the hour). ALOS-2 can handle an emergency observation
request one hour prior to the most recent time of observation. For
disasters in Japan, data can be provided within 12 hours (based on
the ‘ALOS-2 press kit’).
Based on a 19 March 2011 report from the United States Geo-
logical Survey (USGS), which is a member of the International
Charter, an SOS signal in Onagawa Sports Park in Onagawa City,
Miyagi, was identiﬁed using very high-resolution satellite imagery
(see Fig. 8). The matter was promptly reported to Miyagi Pre-
fecture, and a few hours later it was conﬁrmed that the park had
been used as an evacuation shelter and the situation resolved,
thereby allaying fears that access to the village had been cut off. If
a rapid response were implemented, very high-resolution satellite
imagery could be used for rescue purposes.
6.8. Observation planning
When far-reaching disasters cause widespread destruction, it is
imperative to plan observation efforts to cover all impacted areas.
The process ran smoothly in the case of the Great East Japan
Earthquake. During the ﬁrst surveillance efforts after the cata-
strophe, JAXA used ALOS to observe landslide-related devastation
in inland areas, and asked Sentinel Asia and the International
Charter to survey tsunami-damaged coastal zones. ALOS images
did not conﬁrm any serious damage in inland areas. Further, sa-
tellite observations focused on coastal regions, including the lo-
cation of the Fukushima Daiichi Nuclear Power Plant. Fortunately,
impacted areas were located along and within the satellite's path,
which made it easy and effective to plan surveillance (see Fig. 3).
It is essential to simulate observation planning to prepare for
predicted catastrophic earthquakes, such as around the Nankai
Fig. 8. An SOS signal identiﬁed in very high-resolution satellite image. AWorldView-1 image recorded on 14 March, covering Onagawa in Miyagi Prefecture (refer to Fig. 3). A
close-up of the white square area shows local conditions around Onagawa Sports Park. This satellite data is provided courtesy of USGS in the framework of the International
Charter.
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both eastern and western regions.
7. Conclusions
Although space technology is a new tool in the ﬁeld of disaster
management in Japan, it has been proven to effectively supportrelief efforts during mass catastrophes. It has also been shown that
global cooperation, such as with Sentinel Asia and the Interna-
tional Charter, is critical and very useful for dealing with disasters.
In addition to measuring the general scope of the destruction by
satellites with wide-ranging optics and SAR (see Table 1 and
Fig. 7), satellites with very high-resolution optics, which were
operated by the International Charter, met users' concerns about
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edge can ensure routes for evacuation, rescue, and support.
Some international space-based initiatives are contributing to
the ﬁeld of disaster response such as Sentinel Asia, the Interna-
tional Charter, the Committee on Earth Observation Satellites
(CEOS), Copernicus of the European Space Agency (ESA), and the
Global Earth Observation System of Systems (GEOSS). It will be
useful to share results from operations, especially user-related
information, among these space-based programs. The authors
hope that the lessons JAXA learnt from emergency operations
during the Great East Japan Earthquake will help other countries
and initiatives, advance partnerships among them, and establish a
mechanism for working together in each nation when calamities
strike.
It was found that ALOS images were employed by users with a
direct relationship to JAXA (namely, collaborative users) or an in-
direct relationship to JAXA (namely, via Iwate University). In order
to have satellite images employed in disaster countermeasures by
users, JAXA and space agencies need continuously promoting
awareness of satellite data and support efforts to users in both
ordinary times and an emergency. Especially in Japan, it is im-
portant to promote awareness of satellite data among entities such
as local governments and municipal institutions, even in ordinary
times; to that end, it will beneﬁt them to set up local bases to work
with JAXA so they can receive the proper assistance when cata-
strophes happen.Acknowledgements
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